A double-exposure thick-holograhic-grating waveguide coupler is described in which two waveguide modes can be excited with a single incident beam. Single-grating decouplers are also designed to selectively remove one of the coupled waves.
Introduction
Present couplers for integrated optical circuits [1 ] have been restricted to coupling one external wave into one guided wave. We concern ourselves in this report with a thick holographic grating coupler designed to provide simultaneous excitation of more than one guided mode when illuminated by a single external beam. Once the guided waves have been processed within the guide, we will want to selectively decouple one of the guided modes without perturbing the other. A single grating decoupler is designed for this purpose.
Double-grating coupler
We have shown earlier [2] that it is possible to double expose a thick grating such that it acts like a double beam splitter to diffract 50% of the incident energy into each of two diffracted orders. We use this principle to construct a two-mode waveguide coupler as in fig. 1 . A dichromated gelatin film is exposed through a prism first with plane waves A and B, and then with plane waves A and C. After development, readout with common wave A' will produce both guided waves B' and C' ( fig. 2 ) so that we can simultaneously excite two modes in the guide with a single incident beam.
We have also constructed two single-grating decouplers by exposing a piece of film through the prism with beams A and B, and by exposing another piece of film with beams A and C. Each single-grating decoupler is exposed and developed on its own 1 mm thick glass substrate and can now be mounted on a waveguide to couple or decouple beams of light. By choosing the construction waves B and C sufficiently far apart (in angle), we can construct the single grating decouplers such that they act independently on either of the two guided waves [3] .
In fig. 3a , we show a double-grating coupler mounted on top of a ~ Kodak Microflat glass guide (emulsion removed) using xylene as an index matching 
decoupler to the bottom of the guide. This grating was constructed with waves A and C so that on readout, it will decouple guided wave C' and diffract it into the direction of wave A'. Guided beam B' is not at the Bragg angle for this decoupler and remains trapped. In fig. 3c , we place the single grating constructed with waves A and B on top of the guide. This now decouples the energy from the remaining guided wave B' into the unguided wave A'. The output beams can be diffracted in either an upward or downward direction by a suitable rotation of the decoupler gratings.
(b)
Extensions of the principle
This method of double-grating coupler construction (with common reference wave A) requires that the construction and readout wavelengths be the same so that the two gratings will have a common Bragg angle on readout. If the coupler is to be used at a wavelength different than that of construction, then the geometry of the construction beams must be adjusted so that the two gratings will have a common Bragg angle at the readout wavelength.
By making the mode-selective decoupler gratings sufficiently thick, their angular selectivity can be reduced so that they extract light over a very narrow angular range. In this way, the multi-mode coupler and decoupler system can be extended to include many more guided waves. fluid. The collimated beam of light (beam A') incident from the upper right is coupled with nearly 100% efficiency into the guided beams B' and C' as observed by the lack of transmitted light on the piece of ground glass below the guide. The two guided modes can be seen in this view after they have been uncoupled by a prism and illuminate a piece of ground glass held at grazing incidence. In fig. 3b , we attach a single-grating
